Reversal of the sarcoplasmic reticulum ATPase cycle by substituting various cations for magnesium. Phosphorylation and ATP synthesis when Ca2+ replaces Mg2+.
Reversal of the cycle of sarcoplasmic reticulum ATPase starts from ATPase phosphorylation by Pi, in the presence of Mg2+, and leads to ATP synthesis. We show here that ATP can also be synthesized when Ca2+ replaces Mg2+. In the absence of a calcium gradient and in the presence of dimethyl sulfoxide, ATPase phosphorylation from Pi and Ca2+ led to the formation of an unstable phosphoenzyme. This instability was due to a competition between the phosphorylation reaction induced by Pi and Ca2+ and the transition induced by Ca2+ binding to the transport sites, which led to a conformation that could not be phosphorylated from Pi. Dimethyl sulfoxide and low temperature stabilized the calcium phosphoenzyme, which under appropriate conditions, subsequently reacted with ADP to synthesize ATP. Substitution of Co2+, Mn2+, Cd2+, or Ni2+ for Mg2+ induced ATPase phosphorylation from Pi, giving phosphoenzymes of various stabilities. However, substitution of Ba2+, Sr2+, or Cr3+ produced no detectable phosphoenzymes, under the same experimental conditions. Our results show that ATPase phosphorylation from Pi, like its phosphorylation from ATP, does not have a strict specificity for magnesium.